Abstract-This study aimed to determine the biochemical properties of the AbfA variant (Q46R; D205E; K285E) also the correlation between change in biochemical properties and its tertiary structure modification. The enzyme expressed in E. coli BL21 (DE3)/ pBM5abf variant was partially purified by heat treatment for 1 hour at 70 o C. The partially purified enzyme was characterized for its biochemical properties. Protein tertiary structure model was built by homology modeling method using Geobacillus stearothermophilus T-6 α-L-arabinofuranosidase crystal structure (PDB: 1PZ3) as template. The protein structure model then subjected for in silico study. Partial purification showed an increase of purity by 17.60 fold. The partially purified enzyme showed optimum activity towards p-nitrophenyl-α-L-arabinofuranoside (pNPA) at pH 7 and 70 o C. AbfA variant (Q46R; D205E; K285E) was stable for 24 hours at pH 6-9 (at 4 o C) and lost almost 70% of its activity on 16 hours incubation at 70 o C. Compared to its wildtype, AbfA variant (Q46R; D205E; K285E) showed decrease on thermostability. Superimpose of AbfA variant (Q46R; D205E; K285E) to its wildtype showed RMSD 0.05. Tertiary structure assessment showed that mutations caused reduction of 3 Hydrogen bonds and 5 Van der Waals interactions also formation of 1 salt bridge and 1 weak electrostatic interaction. In silico analysis of AbfA variant (Q46R; D205E; K285E) protein model revealed that the decrease on thermostability was related to the reduction of some non covalent interactions especially Hydrogen bonds and Van der Waals interaction, due to modification in AbfA variant (Q46R; D205E; K205E) structure.
I. INTRODUCTION
Alpha-L-arabinofuranosidase (EC 3.2.1.55) are the enzymes catalyze the hydrolysis of terminal non reducing α-L-1, 2-, α-L-1,3-L-arabinofuranosidic bonds in hemicelluloses such as arabinoxylan, L-arabinan and other L-arabinose-containing polysaccharides. The α-L-arabinofuranosidase acts synergistically with other hemicellulases and pectic enzymes for complete degradation of hemicelluloses and pectin [1] . Its synergistic action with other lignocelluloses degrading enzymes are promising tool in agro-industrial processes including improvement of animal feedstock quality, production of bioethanol from lignocelluloses material, production of important medicinal compounds and pulp treatment [2] . Since pulping and bleaching are both performed at high temperature, the application in paper industry needs a thermophilic hemicelulases preferably those active above pH 7 [3] .
A xylanolytic gene cluster from a thermophilic bacterium Geobacillus thermoleovorans IT-08 that had been isolated from Gunung Pancar hotspring (Bogor, West Java, Indonesia) was successfully cloned into plasmid pTP510 in Escherichia coli DH5α. This gene cluster encodes exo-xylanase (geneBank accession number DQ387047), β-xylosidase (DQ345777) and α-L-arabinofuranosidase (DQ387046) [4] . In order to increase the activity of AbfA on basic condition, abfa gene had subjected to direct evolution using PCR-errorprone method, followed by cloning to M5 plasmid (excretory expression system) [5] and transformation to E. coli BL21(DE3). Screening of the extracellular AbfA, had showed some variants with increasing activity on pH 9, one of which is variant A9 [6] . Nucleotide sequencing and alignment of abfa variant A9 to its wildtype (DQ 387046.1) showed three point mutations: A137G, A853G and T615A. In silico translation of the gene showed three amino acids substitution: Gln46Arg; Asp205Glu; Lys285Glu.
Amino acid substitution might affect the fold or function of the protein by disrupting the interacting forces within the protein as well as between protein and its environment. Studies on the effects of mutations have mostly been performed experimentally e.g. biochemical characterization of the mutations, which able to provides some insight into how the mutation affects activity; however, without structural information it is rare that the exact mechanism responsible for a change in activity can be characterized. Due to difficulties in experimental determination of protein structure, a bioinformatics approach is very useful in predicting the protein structure [7] . An understanding of correlation between mutation and protein function and stability is important for designing, engineering or developing a new enzyme [8] . This study aims to determine the biochemical properties of the AbfA variant (Q46R; D205E; K285E) as well as identify the correlation between biochemical property changes and modification on its tertiary structure, using protein tertiary structure model.
II. MATERIALS AND METHODS

A. Microorganism and Media Culture
Characterization of α-L-Arabinofuranosidase (AbfA) Variant (Q46R; D205E; K285E) Biochemical Properties and in Silico Study on the Effect of Mutation to Its Structure E. coli BL21(DE3)/ pBM5abf variant (A137G, A853G and T615A) was grown in sterile Luria-Bertani (LB) medium supplemented with 100 μg/ml Ampicillin, 2.5 mM IPTG and 10 mM Glycine. Sterile LB medium and Glycine were prepared by autoclaving the medium for 15 min at 121 o C while the sterile IPTG was prepared by filtering the IPTG solution using 0.22 µm filter.
B. Production of AbfA Variant
AbfA variant was produced using the method described on [6] with some modification. The cultures were grown in LB medium containing 100 μg/ml Ampicillin and incubated under shaking condition (150 rpm) at 37°C until the optical density at 600nm (OD 600 ) measured by spectrophotometer (UV-1800, Shimadzu) was 0.5. Once the OD 600 has reached 0.5, sterile IPTG was added to the culture until final concentration 2.5 mM. The incubation continued under shaking condition (150 rpm) at 30°C up to 24h. At the 4th hour, sterile Glycine was added until final concentration 10 mM. Culture were taken after 24 h incubation and centrifuged (3500rpm) for 10 min. The cell pellet obtained was then resuspended in phosphate buffer (pH 7). After that cell suspension was lysed by ultrasonicator (Soniprep 150 Sanyo) and centrifuged (12000rpm) for 10 min to produce crude enzymes.
C. Partial Purification
The crude enzyme was partially purified by heat treatment at 70 o C in an hour. The denatured protein was separated with the undenatured one by centrifugation at 4 o C (12000rpm, 15 min). The partially purified enzyme was used for the biochemical properties characterization including determination of optimum pH and temperature as well as pH stability and thermostability.
D. Enzyme Activity Assay
Enzyme activity was measured by incubating 20 µL enzyme with 180 µL pNPA 1mM in phosphate buffer pH 7, at 70 o C for 30 minutes. After 30 minutes incubation, 200 µL Na 2 CO 3 0.5 M was then added, followed by 600 µL aquadest. The absorbance was measured at 405 nm using spectrophotometer. One unit of enzyme activity was defined as µmol p-nitrophenol liberated by 1 mL of enzyme per minute at incubation condition.
E. Determination of Optimum pH and Temperature
The optimum temperature of enzyme was determined by measuring the enzyme activity towards pNPA diluted in phosphate buffer pH 7 at various temperatures (50-90 o C). The optimum pH of enzyme was determined by measuring the enzyme activity at various pH (6) (7) (8) (9) (10) . Incubation of enzyme and substrate were held at 70 o C. The buffers used were: phosphate citrate buffer (pH 6), phosphate buffer (pH 7-8), Glycine-NaOH buffer (pH 9-10).
F. Determination of pH Stability
pH stability was assessed by diluting the enzyme at various pH and same concentration for each pH then stored at 4 o C for 24 h. On 0h and 24 h, the enzyme activity was measured at its optimum pH and temperature. Residual activity at 24 h is the comparison between activity at 24 h and activity at 0h. th and 24 th hour using same procedure as described in enzyme activity assay at optimum and pH temperature. Residual activity at x hour is the comparison between activity at x hour and activity at 0h.
G. Determination of Temperature Stability
Thermostability was assessed by incubating the enzyme at
H. Protein Tertiary Structure Modeling
Protein tertiary structure was modeled using homology modeling method by Swiss Model [9] using α-L-arabinofuranosidase from Geobacillus stearothermophilus T-6 as template [10] .
I. Determination of RMSD
The RMSD changes was determined using Super Pose [11] J. Determination of Non Covalent Interaction and Solvent Accessibility Surface Solvent Accessibility Surface and non covalent interactions including Hydrogen bonds, Van der Waals Interactions were determined using Chimera 1.6.7. Electrostatic interaction were determined by measuring the distance between charged atom using Chimera 1.6.7 [12] K. Determination of ∆∆G The changes in ∆G upon mutation (∆∆G) were determined using PoP MuSiC-2.0 [13] .
III. RESULTS AND DISCUSSION
A. Expression and Characterization of AbfA Variant
Expression of intracellular AbfA variant (Q46R; D205E; K285E) was detected by using SDS PAGE. A 61 KDa band was present, corresponded to intracellular AbfA variant (data not shown). The molecular weight of AbfA produced by G. thermoleovorans IT-08 is 58 kDa but since abfa variant gene was on M5 plasmid system [5] , the intracellular protein synthesized would still have the signal peptide, gave an addition to the molecular weight [14] , [15] . The band showed at polyacrylamide gel (61KDa) was in agreement with the theoretical molecular weight of protein plus signal peptide estimated by ProtParam [16] . Partial purification by heat treatment at 70 o C was based on thermophilic property of AbfA [4] . The heat treatment would denature most mesophilic proteins produced by E. coli but not the termophilic AbfA protein, resulted in increase of purity by 17.60 fold (Table I) .
AbfA variant displayed an optimum activity at pH 7 ( Fig. 1 ) and 70 o C (Fig. 2) . AbfA variant showed no differences in optimum temperature with extracellular AbfA synthesized by E. coli BL21(DE3)/pBM5abf. The optimum pH of AbfA variant was relatively same as the extracellular AbfA synthesized by E. coli BL21(DE3)/ pBM5abf, which is between the range of neutral to slightly basic (pH 7-8) [6] .
Mutation on abfa gene did not affect the optimum condition for catalysis since the substituted amino acids were not located at or around the active site [17] - [19] , as shown on Fig. 3 . Residues involved in catalysis are Glu29, Arg69, Asn74, Asn174, Glu175, His244, Tyr246, Glu294, and
International Journal of Bioscience, Biochemistry and Bioinformatics, Vol. 3, No. 5, September 2013 Gln351 [10] . AbfA variant lost 25% of its activity at 70 o C after 9 h and retained only 34% of its activity over 16 h. Meanwhile, AbfA wildtype still showed 95% activity after 9 h and retained 73% of its activity over 16 h (Fig. 4) . The pH stability assessment showed that both AbfA variant and wildtype maintained more than 86% of activity on incubation at pH 6-9 over 24 h thus assumed as stable at pH 6-9 (Fig. 5) . 
B. In Silico Study of AbfA Variant
AbfA from Geobacillus thermoleovorans IT-08 was found to be 96% identical to α-L-arabinofuranosidase from Geobacillus stearothermophilus T-6 thus it was used as template for construction of homology model of AbfA variant and wildtype. Superimpose of AbfA variant to its wildtype showed total RMSD 0.05 (Fig. 3) . The amino acids replacement due to gene mutation resulted in several changes in Hydrogen bonds, Van der Waals interaction and electrostatic interaction, as summarized on Table II . Solvent accessibility area of AbfA variant and wildtype were 19000.7 and 19011.8, respectively. Solvent accessible surface area is one of the parameters characterizing the compactness of protein [20] - [21] . The hypothesis in protein flexibility stated that rigidity is a prequisite for high protein thermostability, supported by some studies conclude that hyperthermophilic proteins are more rigid enzymes [3] . Increase in solvent accessible surface area of AbfA mutant showed a less compact protein structure, affecting the thermostability of AbfA variant. The amino acids replacement due to gene mutation resulted in several changes in Hydrogen bonds, Van der Waals interaction and electrostatic interaction, as summarized on Table II . Complete list of the non covalent bonds is provided on supplementary data.
Substitutions of Gln46Arg is not affecting the polarity but the charge [22] , gave a chance to the residue to make an electrostatic interaction. However, the amino acid changes did not make any change in electrostatic interaction because the three negatively charged residues around Arg46 (Asp48, Asp55, Glu58) were at 6.5-11Å in distance to Arg46 while the maximum distance for salt bridge formation is 4Å [23] , [24] . The only Hydrogen bond formed, was between atoms at protein backbone so it was not affected by the mutation (Fig.  6 ). replacement (Fig. 8) . A repulsive force arose from free electron pair at His146 N and Glu205 O, compensating the attractive force formed by electrostatic interaction. Replacement at this position showed a destabilization with ∆∆G +2.32. The destabilization was mainly because of the reduction of 3 Hydrogen bonds. Lys285Glu changes caused a side chain charge inversion, from positively to negatively charged [22] . The replacement at this position actually was more favorable since most charged amino acids around position 285 are positively charged: Lys279, Lys281, Lys282, Arg283 and Lys286. The charge inversion reduced the repulsive force arose from same charges around residue 285. Although amino acid at this position was charged, they were not involved in any salt bridge because of spatial hindrance. The closest negative amino acid to Lys285 was Asp276, whose charged atom was 12.3-13.5Å to Nz Lys285 while the closest positive amino acid to Glu285 was Lys279, whose NZ was 4.6Å to Glu285 OE1. It was assumed that Glu285 OE1 create a weak electrostatic interaction with Lys279 NZ because the charged atom distance was longer than salt bridge's maximum distance. The other change following replacement at this position was reduction of 1 Van der Waals interaction. This
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The only change at this position was reduction of 3 Van der Waals interactions (see supplementary data). Prediction of mutant stability using ∆∆G showed the ∆∆G was +0. 22 .
It means that mutation in this position directing to destabilization, most probably caused by reduction of Van der Waals interaction.
Theoretically, the Asp205Glu substitution might not have a huge effect since those two has similar side chain, differ only by a methylene group [22] . However, the in silico study showed reduction of 3 hydrogen bonds (Fig. 7) and 1 Van der Waals interaction (picture not shown), also addition of 1 electrostatic interaction (His146-Glu205) due to the residue (either before or after mutation) did not form any Hydrogen bond. The facing-out side chain packing cause the atoms of residue 285 were at unfavourable distance to form interaction (Fig. 9) . Despite Glu285 formed less Van der Waals interaction than Lys285 did, but the weak electrostatic interaction formed and the charge inversion were able to compensate the destabilization caused by reduction of a Van der Waals interactions. The ΔΔG value of amino acid substitution on residue 285 was -0.09. Qualitatively, there were reductions in non covalent interaction due to amino acid replacement, causing ∆Hfolding of AbfA variant smaller than its wildtype. The maximum approximate bond energy for Hydrogen bond, Van der Waals interaction and electrostatic interaction are 10, 5, and 20 kJ/mol, respectively [22] . Reduction of 3 hydrogen bonds and 5 Van der Waals interaction also formation of 2 electrostatic interactions prior to amino acids substitution would reduce 15 kJ/mol in bond energy. According to the equation ∆G= ∆H-T.∆S [22] , a small ΔH (less heat released) causing a small ∆G value. The ΔG folding depict amount of energy released to convert unfolding to folding state. Hence, the smaller ΔH folding value, the smaller ΔG folding . Small value of ΔG folding means unfolding is easier to occur. The smaller ΔH folding of AbfA variant cause AbfA variant was more susceptible to unfolding than AbfA wildtype when treated with same heating treatment or in other words, cause AbfA variant has less thermostability than AbfA wildtype.
IV. CONCLUSION
The partially purified AbfA variant (Q46R, D205E, K285E) displayed optimum activity at pH 7 and 70 o C, was stable for 24 hours at pH 6-9 (at 4 o C) and lost almost 70% of its activity on 16 hours incubation at 70 o C. The decrease in thermostability was prior to reduction in non covalent interaction driven by changes in structure. 
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